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si b:>h-W2h aasKUAi ?m?KH?* was 1 1 soeraotAra 7i&±y&M ?i 7kji ahjoi 

□|J?[EKRA|0HI| 

bi s?m?Hra fiatwi-Ai 7\u?mi?t[7ms. i i so^aqo iani ?ta±?>* ai ?\ m\ ah_h)i 

AISQOIEHeEIOWI 

He7Ki7^fl2lI*ra^Al7Hi7^*^x^2^a1150t^J^o^A^«7©iWAl?l7K)lAlL^ol 
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aAiastetiai 
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fief 

OH 71 t^SlfOI 50 ppm 0ISh°! t^SSEIM U}§ 180 ran Olof°J BSAffi&g iAfohO) WS 165 ran 0|5^ iH-SS^2J e=2H 

»£E 
El 



4? 2! 01 

38/9-21 if, ^2fl. & ElirHEHill. 4Mg 
SAJAj 

B 8TSS Stf^XlS ttS438a2* 3 S AFlgfg. m H*§ 165 m OlofBJ 2§A>2]IKHI fflSKfl H^2H1 UERH= S«t 



415. LSI 2J 323SMHI 4=B!*rOI S EI±3EHEI 7|g(HI 21CHA1. SCI £jSjO| DIAOtf fiSr7|gO| fi^EIOI. kSErS2| BErSttfl 
2*5EI3 21L>. OflaCH. Eli3EHE!g SS£ §EH2| g » (EIS 436 ran) OIU i » (ErS 365 m) MAI SS* r OI KrF 9|AIO| EO 

0173 (ErS 248 ran) LI ArF *!A|0| £50173 (ErS 193 ran) 71- Mil S20ICK E. QSi UU&i! HStfltl 5r£ WdlCHEj S£l£ 
£A1 Mia 01 73 (ErS 157 ran) 71 W^S. 101X12 2iL>. 

KrF^AIOi aO|73UArF^AJD| a 01 731 S3 £3 5fe i^7t!(Hl=. 232I22££!?IE1 2 5 732122:01732) SB*ltH&&S^Ofl 

?ssm. gasfTfl^HM? soi a 4^2 201 z$zm. 3£e°i s §21 egoi ?4*r°s, t^2SEi7 r Ai-g^Q. nei 

U. KrF aiAIDi aO|73U ArF 2?AIDI aO|73M A>§E|£ OH 71 tfSBGI 2£ trS*!SSEIS EIS 165 ran 0|5l2| ErS22(HIA12| 1=211 
01 WOl-^AflCHSI S8££AI ifZtSIH 2i= l±aO|73(HI= 3if5rXI SfQ. 

5. ErS 165 ran Ol5 r 2| 1099301 At S| S?2H1 V2M?\?\ *|t| OH 71 tTSSfl 73SAJ2! ^S*!2SE|O0AJ^ ?2rS2J ErSOl 170 ran 
^5MA|^E| EHOSOI §<HJ C0E1 ?2ri0| 235| 735r£!Qr. 

[Q-ErAi. §iaO|73i SS££A| A>S§Hr atfflOl tte43SEI| Art SHr 3?00=- 3 ?2H°1 7H20I Sfitf 21BI7h 

e. m eu3ehei ?\m Arss r = n^sssi irons 04=21 go*, eeis §21 sro^xw s^eich ?seioi sjq. c&eiai. iro=* 

732) ISI^I 7HS21 i=2H2| t'SOl S«M 31 MAI ajtfEIS!. § ?2H2) tfSt &EH*MI SQ. 

3E1U. Mia 01 73 2| ErS222! ErS 165 ran Olol2| ES22CUIAI2J ?2Hf 7H25r3. 5£ 52159 3f£ ITO^TJl t^*!2SEIl 
El3£S E*r ZrBWI 731 2or= BBS OrS 392*5101 2173 Sfck 

B i^S n© 165 ran 0|o r 2| ErS321(HIAi2| ^2111 7H2*f SWMHS fS^SSSJS 51*1 ££ E*r Zmtm H2.1t 4= SIS » 
221151 =sj££*H3 

B ^SS ErS 157 ran 0IIAI21 i=2rlOI £S U*^g ttgqgSEI S 3 AtSggfi lg*H3. 

&22i^a*rgs 

&22I THAI 

g l^g OH 71 tJ-SifOI 50 ppm (59 ppm. 0l5 r E §1!) 0|S r 2| ^^SSSOII El§ 180 ran 0|5 r 2| 2S732llrl 5Ar5r01 Er& 165 
ran 015121 ^3111 7HdSr= S§1 lr*f^IHg &S^SSE|2J »^SB1 *0St». 

5*r. S l h S2 if>§ 157 ran 0U12J g47147r 0.70 car' 0|ol°l S*f^ffl§ &S*|SSEIi lg*K>. 

5&. B ^SS OH 71 tfSSFOI 50 ppm OlohSJ Sr^^TJg ^g*!SSE|21 ArS&a££Al. S^^XBSAI AlgoPI 201 Er§ 180 nm 01 
ol°l Sg?3-2I1H 5Aror= SSI 2= Iftf^TJl tfS*!SSE|21 A^^gl 73IS^CK 



EI§S ^32) ft 3 ^ A] 01 OH 2iCHA|2| 5A1S3EI 2^(HIA121 glr^SH =S1211 L>ERH= E0IQ. 



e arson sioiai iw^jqie. ^s*!2seii kirs-xig ?«e (waa. *s?i esisu sstd sie d. eeii (oaacH. aoiTasamsi 

g SliBQ 1). OllfS. 5£01i3. 5E0r±3 MS 3. sffll(Stt). =ir™El §£S 73ISi|*f 21 E^ 2>391§5l*l 21 «£rQ. 

. 5£0Fi3. 5gDli3 MS 371 HUf^orCK 3E|3. ^71 tlrSxl^. 01)301 SrEl lig. LCD 731 ig. A>7|SI1E 15g. 

=gJM7l2 SI5g biirgXI 11 l^Cl. 

E s273-l= lJ'S4j2SE|2] fljg- 165 nn Olo|-2| <?2H1 7Hdol7l 9loHA1^ OH 71 &3gf S 4iM73t,^lfl flKHtt t,^*!2SEI 
(HI Elg- 180 ran 0|ol°| 2 g 7321 If! iAl^ElorS. WS 165 nm 0|ol2| ^211 0| 7H2EI^ 211 "MSIO. 

3EHA1. 5A>flEI221 &S^SSE| (DISK r^A12 ^«^2SE|j E13 tf) 0flA|2| OH 71 irSif S 4=iS?3 tTSlTOI 5Ar«EI^2J ^ 
S*!2SE|2J Eh§ 165 no 0l3l2| ^2H(H 01x1^ StTl a^olSQ, 3 121. 5ArS tfS^2SEIS21 OH 71 «M?irg 2S7J2J2 
^MA121 lr?2fS(HI Stft 01*13. OH 71 USifOI &?2hg0l «orEI=Cfl. 50 ppm OlolOIE. 2S7J2Jir21 2AHHI 2|SB Er§ 

165 ran 0151-21 ?2112| 7H31 21 4= 2i3. lol 30 ppm 0|oh (U017rAl= 10 ppm 0IS1) 013. ErS 165 nm 0lol2| ?2H°J 7H20D S 
2r^2! 211 ^35rSQ. 

^71 ErS 165 ran 0|o|2| ?21f2| 7H<3 DH7rUsM CHoHAJS 2»5r73£ St73°r. DS21 ffOI 4= 2JCK ^S^2SEI§21 OH 71 
21 27JSEHM= 2 SID. SlLKr 5%*J SfflS ^lorfe 3?. SH-fe °JSor= OH 71 Jl El 71 4iit,^ SEHS STSSrS g?0| 

OH 71 SrS2J 2gA>2lg ?SS(HJ CHtf gets 0H ?|2J SXJ^fflOO DM Q=01. 273-71- ^A>ffiQE 2tfOI 3Q. ^ 
SBI21 OH 711 if £rSor£ ^g4«S°£|21 ^21121- H|2ol01 4=ilt,^ SEH2| OH 711 *>Sor= tfS*!2SE|2J ErS 165 ran 
015121 ?2rl§ *Q. t^^g*!2SEIS21 OH 7|21CH^Sg SS 4=ilt}5r73 23 £fHS 5Hl5l3 °!£01. EFS 180 
ran 0|5r2| SI iArtf£SAH OH 7|2| ^JBSBI^ 4=iiiJ^ SfflS ^SrorOI ErS 165 ran 0|5|2J ^fO| 2! 01 £13 S^SQ. 



E.tfS^2SEIg2) 4=iM73tfSlfOI 3 x)0' 6 



gtt/ctf 0|£0|S. fia ±if2| 2JSB 2SWSI& ?2^1 t,f£AJB 4 

SID. ?2H 7HS22HHI 35[OI 2M2| gs)«^ 2J£D1. U? Sj£3 *?2H= 7H2QXI Sfll. S. U9 S£3 1*K)| 
goEia ?2H0| flS^Q. 5. i^*!2SEjS2) 4±BW= »2IS 2AHM 2J*f E' {2E1U NBOHC §2| ItJo'gl S|Htt} 
= 2!Q. £±B*HJ-SifOI 1 *10 17 TH/crf 01 £01 3. D>§ 165nm 0|o>2J ^2H2| JH^Ofl SQ 22^0IH. lol i xlO 13 7H/ 
orf 0|£OI3. IH^JB§ tte4SSE|£A| AtSV 0R2] LHftSIgg (7J£J<3 iAHHI 2|tl ?2I1Q| 3S1EIXI Sfe gS) £| 5^ 

CHI A| Hf6S*|Ch 

£th B sSWAi. 2AK3 i^4j3SEI= 3ttt ^§Sj£S SttfW 9= 2101 d^SK}. B H3N/d. 53* g*JOI&. 
sSi-Si 7h£|7IDl. i&§ 163 no i 8Hr l^CH^i SSCk 163 nm MAIS] LH" f?2H (T 16J )(%/«») 2 ifS*!SSEJ§ 

2| OH 71 *>Sif (C 0H ) (ppm) OH °itt 083 (3) 2} 1T0I ^*^QK . 

T 1M (Von) aexp (-0.02 C 0H 035 ) x100oo(3) 

B grgOOAI. &SS(S7c§y) it» £i3!£S tTSStfl 21S 163 nm 0IIAI2J #2H(HI SfcT 4 (3) S 35§K= 21* SIDI 

nam. gas atroi si£3. ira » ■ se°s t> i^chsoi si£°s. «asi nra- 163 nm ooaisj ?2h cr 1M ) § 3 «) °j se*2i 

SrSOS 3013 Q, 3EHAJ. &3t< liJi £13 ££ 2£3. SO Eh§ 165 nm 0|S}2| ?2«i a3 | °|fc B si^oiQ. 

a. B ttSOl AH£|£ £A*2 ^S^SSEISOfl gi£ tfSSIQI SQ, %±D\ 2AfS tte428EISO0 SttEICH 2i= 

£ tt±£ 2A*2 &S^SSaS2J g3§t!- 751 73 USB). BJS 165 nm Ol5f£| ?2H2| 7H£!(HI 2213 01 D. 2.ME £fg*!2SEJ 

32| Mi «fSSf£ 100 ~ 2000 ppm 01 HIGHm MD dHf3oM= 100 ~ 600 ppm 2| HfiOIQ. 

2 MS fttgqsgEISSI <Mm S*. UifEl SUg^. SOIS^ §2| 2^?g£f g flSI3Si£3*E| 3S7HI22(H3A|2| ?2Hi 73 
ol-AIS S3 OH-IEK LHWa^SS XtlHl\= £IHS. □ iJSSf£ gffltf 2101 bUTWK ?asj£SS g^g^M2| 

^Jfisoi ioo ppb om. mtn 50 ppb o\zm urerasm. 

B V30IAI5I Eh& IBOnm 0|5h°| 2§W2I^2J 5AHH= 53AHSWI 2|*H0S 165 ran 0l5h°| ?2H 22h£ 

AO §2| 22fe DlShfih 1TOI SKB g^W ^ S!Q. 

^ 0IS12I (|) a aj (2) MAJ J, 9} T b 2| ^71- SfOH41 A0g22W ^Q. 3. R g WS 157 nm DflA|2J Sft,^«l§ 

*!SSa2| "HAH. n 2 i&g 157 nm MAIS) 1*,^J11 t^SSEjej gHOIQ. T B O|g?2H0il ^Stta. 

T, =(1-R) E /(1 + R)*"»»(1) 

T„ =(1-fl)7(1 + n) s<)t "<'(2) 

01 g. ID§ 157 nm 0|A|S| t. k S*!SSE)2| ^AIS (R) g = QS 3 & 01 £21 t.^*!gSE|2| &A>^^i Ztfit^ WS 157 nm ^2[ 
1 (T e ) 1 SSSOflAJ =§tf£S^ 5^121 ±*g» (4) £^E1 157 nm g^Tfl* (a) Sfttll IV 4 S!Q. 

T e = (1-R)* exp (-at) / (1-R E exp (-2at))ooo<4) 

T c : ^Af^^'l JOS 157 nm ?2H 

R : W§ 157 nm SfAfS 

a:EhS157nm [1/cm] 

t : Aie^JHI [cm] 

B ^S2| S*^JJS&S^SSE|^ T, 2>T B 2| n?l 0.03 Olok ^ol 0.01 OlohSJ SW^nS S«*!2SEI3 201 UH^oO. 

E. OH 71 tfSSfOI 50 ppm 0|5h2) S«^JJS t^SSEJt 1*^I1ISAI AlgSPI SOU i&S 180 nm 01^2] 2A>5Kfl 
£71 T, 2fT B 2| »1 0.03 0|8S tJ£S«. 53 2| gg£7h £H. D}§ 165 nm 0ISKHA|2| ^2H0I t^S^SSEIl 2[S 

B So M A). 5A>S tf«^SSE|2| ra5S3£SA1^ OH 71 tfS^OI £71 i§2| »9|7|- EJ= 1^S^0I3. «iSI tf§E|?3 Sr^Q. 

0)1210). ^Sg. 4Mg (VAD ^. OVD S). tE^S §114 SO. «5A|2| g£7|- ^2. Si S 12| M£!2| S2J1 
EIW * 2i= 9S0IAI (soot) S0| ^&l UffiW*K>. 

B ^2 MAI. 5A>o^ 2S?J2I&2| 180 nm 0l*K H^SF7fl= 175 nm 0ISK3ICK S.. S^^OICHE El 2. 3*?g 

0I01ESQ. 

iA>§Hf S§W2lo"2| 1 mJ/arf 0l£0l d^SIO. SO 3AJ^£S 22H 271 ZMMZ 5 mJ/arf 01 £3 2101 H^SfQ. 

iAIAJ^S A>§oh= ®m UiSt ^2o1 igSQ. 7J2IST2I #£A> MUXI^ Sj£3 ^ 2HS 3Q73 ^££17] STU. S U 
9 &£3 ItfOI goEII!. &7CHS *2H0I 73S1EIS S?7h 21Q. g&S|£S= #2A> MU73^£S 300 ~ 50000 J/arf g£3 2101 
d^sfO. #2A> 0HU7q 1000 mJ/arf 01 £. «S1 3000 mJ/arf 01 £01 H^sfO. 4iBW SSIF0I Sf£3. W2IS2I #2A> 
MU?3oH]| SKJfE ItHDI & ^SSW 31*01 SIP-. 

2A>73E|2| B$|7|= B9I7ISM tfiBXK 4B 101 SOI 5tfSI3 S5W2IS1 g^SfHg. liS9l7l 5^ He B37I g£S Sfe 
2101 d^ohQ. 



2Sft2l!f§!2| 73B10flSAI= 3A0fcf DHiS Sh= HMlfe ^AjD) g= (?D}§ 172 nm). gil DH1S oh= giSJOl^ 157 nm) 

it 14 2D. 1^91^ 220fl i 3 I&§ 165 nm Olo>2J ?3H2| 7HSOI ER** 3?M= 3Afl^ ^AICH IS =71 HJH*l8Kh SE. 
5fSMAI= g:£&0O|737|- UtGHttO. 

a 1*2 Ofl Al. 2A**ia= £232531 SWtflS *V\ m 71X1= 2f S§2| St 01 h EM MAI WIS SD. 333. 2f S§0|& 
.7«3S.BBS8.SD«SS=l»SEI38SlirefCh fitr^QSAI &gtt*(H 2A«ia*fl£ §Q. J£. iAJ-aja^ QWTSr 
22 (SOI ?2tSfe 9£O0 22) MS £Al5lE SO. £3 Ail §2 33££ 2 AW £11 tSSfe 3?M= iffc^XBSAI A>§ 

§171 B. «fl SSM 2AW3«fe 3101 

B erSOHAm. m& 15? nm MAI 2| (47147} 0.70 cm-' OIS}°! Ift^ng £832332! 2101 U}B*im D}§ 157 nm OflAJ2| §4 
7(14= 0.30 co-' 0\t[°l 201 fiQ d^olO. 

SE. SiOH 7|2| il^agOU 7|££ 32I§4IH31 CH^F 3640 cm- 1 Ofl 301 (mm 

OISK gAIOflM 2|t| a ^1 SC} ?*»*!££ £2^01. fi B ^s OI12J OKI 5|t| #SHS 5§ OHJCh 

(Ofl D 

SXIS 4Mg0fl sm SiCI 4 1 S4±i}2 SOflAI WPtetftlAfflil. 32S3 Dlgftfi 71 JAM II3AI31 32 35 cm. 301 100 
cm 2| DSS 32S3XII1 l^&hSD. 2013 Q39 32S3 Sll £9171 S101 7}fe# 27l£0fl Mima. ££MAI 10 Torr JJffl a 
2WOI 1 AI3 SHtt *. He/SiF 4 = 99/1 (»8|U|) 2| §£7}±1 371201 1 DUN EBSfflD. 01 M917IS. 3712 S! tiZWi 4 
AI3 S*m££*l g±EEl tmSCk OICHAI. He 100 % £?I7ISHHI 1450 X Jtffl £SS}2. 01 SEOUAI 5 AI2f S XI SKA Mil 

st+*s saaassta. 

2013 ?2^2SEIHIS^a. 100 4>x30 mm 2| 32£ M^l 1E^}2Q. M^l 44 100 %. 10 712. 500 X 2| tf*|7|*}MAI 250 A| 

a swam, 4±e=*I3S troi ^aib trsqssaB 22D. 2013 tfg^ssasi oh 71 &ssf a 4±sx}ttssrs zre 4. 

8 ppm, 17.4 xlO 17 7H/crf 01 SO. 5, #71 3 (3) Ofl 2|fl gfijtl 32J2 °°0fl 3S101 171*! 12K 53*! 1£1 £!*!££ t}g«} 
XI 2= 201 »°!EI21C}. 

E*4. 3B*J2 f4232S32 gfgi H«t2D|*f «. §ig^7|SK SAIIfe ^AJCH g= (4D>S 172 nm) £ 650 AI2 5AWQ (#ZEA> 
OflUWir : e? 13000 4/«rf) 1 gAISKfl &g^S°£|l 

01 W. ZMTlEiVm iJg^S°E|21 EF§ 157 nm 2| 7J2I&0H ffltt §47114 ( rKh§ 157 nm 2| T^agOfl CHt!' 14711 4 j 1 OISF 9X1 
rif§ 157 nm g4?(l4j DH tH. iA|-°2| &S^2SaMA|2| SiOH i!#3S0fl 7li*f SJ2ll4iD3 ( ^SIOH d^SSCHI 7li*^Sj2l 
14al3j 1 0|§h EW SiOH §4iII3EH2 2| (cm-') 1 ^SSKQ. 

(Ml 2) 

Oil 1 SI- &B££ OH 71 i^SifOI 19 ppm, 44MA7 IfSlFOI 10.3 xlO'" 7H/orf 0|2. SS^ 1^1 %>%t[7\ 2= 5 

Ara ifS*!2Sai 5HISKD.. I'4g?|7l LHOflAI g^EI|OI7ai 5AFSHS l^XJt tfg4|S°Ell 22Q. 2AF232 10 mJ/orf 
x40Hz x150min 01 SQ, 01 IB. 3EAraaS^2| &S^2Sa2| B}g 157 nm §47114. 5A>*2) &«^2Sa0llA|21 SiOH S4EI3 

2) «»(»-') i*>s«rao. 

(0113) 

Ofl 1 2FS1^&S£S OH 71 ttSBOl 31 ppm. 4i^A>iJSiF0l Z\ xlO' 7 7H/arfOIH. Itfl ^1^£S*^A| 2= 2 
Al-S £-2 3 2 SEIt 5H|Sa iiS?l7l LHOflAI 3A||fcl 0H1S §fe ^AIOI g=l 650 AI2J- 5Af«a (tfTfl iAI OflUAllf : % c 1300 

0 4/crf) #HM SW^XIS &g*"2Sai 22Q. 01 IDJ. 5A>flaa^2| 6,^^2^321 I&§ 157 nm §4784. 2A132J fe^^2SBI 
MAI 21 SiOH §4111321 (cm"') 1 BtS*h2D. 

(Oil 4) 

Oil 1 2f 12^ &S££ OH 71 *^^0I 33 ppm. 4^MA1 tfSlFOI 0.6 x 10'' 7H/arf 01 H. Itfl *^5lA| 2= 5 

MS t,^^2Sai Ebl§h3. iiM?l7| LHOflAI 3«|fe ^AJDf SE1 650 A|^ (#5AF OflUAJ^ : °f 13000 4/crf) ShSQ. 

01 OB. 2AfS*21 &S*!2Sa21 KL& 157 nm §47114. 5A^e2| t,^*12Sa011A12| SiOH §413321 ?|« (cm"') 1 =gS1SL4. 

(Oil 5) 

Ofl 1 2L 12^ OH 71 t^SlfOI 54 ppm. 4±£AT S^SSfOI 3Z5 x 10' r 7H/crf 01 3. S&S 2= 5 

AIS tNt^SftSII 5HIS13. gi»?|7| LHOflAI HAflfe ^AJOl !H§ 1000 AI2T SAraE) (#iA> OflUXJ : 2f 20000 4/erf) olSQ. 
01 ttfl. 5AIS^21 i,^*12Sa2J Era- 157 nm §47114. iA}^2| if5*!2Sa0flAi2| SiOH §411321 ?|x| (cm"') 1 =§§f2Q. 

(0116) 

Oil 1 2f 12*1 gfg£S OH 71 *^1F0I 63 ppm. 4i^A7 t^SSOl 0.5 x |(F 7H/crf 013. SS* iifl ^15{£S 2= 2 

A1S £J-gi!g°E|! 5HIS13. iiM9l7| LHOflAI 3Aflfc ^AJCH g=l 1000 AI2f5AJ*a («2A>0flU73 : 2 20000 4/crf) SF2C4. 
01 DJ. 5A>S*2J t. v S^2^a2 Ef§ 157 nm §47114. 2A>«2J ifg4!2 °EJ0flAi2 SiOH §411132 £1*1 (cur") 1 <*§o1SQ. 



(Oil 7) 

Bfl I 21- f H*H g-g££ OH 71 ifSlfOI 5.2 ppm. 44M7J tJ-SifOI 17.4 xlO' 7 7H/W 012. Itm £1S?££ tiStm 3= 
5AfS t^SSEIl SHIS12. 14MSI7I LHtHl At 3JUIfc SUID1 B = l 75 A|^£A1*|E| (#£AKHIUAIlf : 2f 1500 J/crt) SffiQ. 
01 OH. 2A1*IEI2^2J tfg*!SSE|2| W§ 157 nm §47114. 2A1°2J £Jg*!2SE|(HIA12| SiOH §4E|32| (cm" 1 ) § 

(00 8) 

W 1 21- gfg££ OH 71 tfSlfOI 12 ppm. 4±M7J tfSlFOI 10.3 x 1(F 7H/W 012. £S« i* h l &!1S!£S SSSW 8fe 2 

MS &S3SSEI1 5HISH2. §±g?|7| LHOflAI 3A0fe ^A|D) B£| 75 AIS 2A1*IEI (#£A1 Oil U XI If : Sf 1500 J/an>) 

01 OH. 2A**£ia*2| ^gi!g°E|£J ej§ 157 nm §47114. 2A»2J 4*g4SSE|0|A|2| SIOH §4E|3£| 9|fl (en* 1 ) 1 *S4h3Ch 

(OH 9) 

OS 1 21- §1^ g-g££ OH 71 32 ppm. 4±SA> i^ifOI 0.8 x 10'" 7H/<rf 012. 1*1 £13£5 tJ-°§ffl Sfe 2. 

AH9 tJS*!SSai £Hls12, g±g*|7| LHOflAJ 3/flfc 5?A|0| B£9 75 AlZf 2A1SEI (#£A1 OilUAlif : 2f 1500 J/<tf) 

01 KB. 2A1*!EI2^2| ttS43SE|°| EfS 157 ran S471I4. 2A1^2| t^*!SSE10ilA|2| SiOH §42132) *|« (cm" 1 ) 1 sjgShSQ. 

(00 10) 

08 1 21- gltJ SS££ OH 71 fJ-SlfOI 5.2 ppm, 4i£A> tJ-°ifO! 17.4 xlO' 7 7H/arf 012. 1*1 £!*!££ fJSSW Sfe 
£A1S tT3493E|ff 5HI512. i±£?|7| LH0U1 HA-fl^ 5«AIDi B2* 35 AI2 Zkim\ (SiA> OilUAIlf : 2f 700 J/arf) S12Q. 
0| OH. £ABIEia*2| i,'3*!SSE|2| 11^157™ §4711 4. 5A1^2J tTC433E|0|A|°| SiOH §4E|22| ?|X| (car') 1 *S«aCh 

(Ofl 11) 

Oil 1 31- 5S*J &g££ OH 71 SfSSfOI 5.2 ppm. tTSSOl 17.4 x10'< 7H/atf 012. SSS S&5 SSSJSS USSffl Sfe 

£A>a ttfi419SEIB 5HI512. 1±M?I7I LH0IIA1 3A1I^ ?UIDi 13 = 1 300 AIZ^ £A1*IEI (#£A1 (HI U 73 If : 9f 6000 J/atf) UlSLh 
01 US. 2MflEIS^ej i,^^SSE|2| E1§ 157 ran §47114. £A1*2| ffS*!3SE|(HIA|2| SiOH §411321 91 SI (a.-') 1 =§5lSQ 



(171-g-g) 

2013 H4WHSttS43SEI M§2| SS*3¥E1 30 9 x10 mm S| 171§ 4511 1BS12. 3017^. 0IS1°I »E£3 4±g»fJ 
Slf. OH 71 SiOH §4EI2 S iDS 157 nm §471141 7S13CK 

4iMA> tlSiF) *!S12. S«0|« Em 4«!Mg2J 4135 cm-' S| £^E|3(H1 31th 35 (l 41M ) SI. 3421 tt±°l 

AH3I2I 7ISS12! 800 cm- 1 2J tfenasi 35 (l aM ) £J 3EHI (= l 4)iS /l a(W ) S^EI 4*itt» »8» (tf XF/ort 1 7S1SCI (V. S. Kh 
otlmchenko et al.. Zhurnal Prikladnoi Spektroskopii. 46(6). 987 ~ 997 (1986)). 

OH 71 tiSm S Si-OH §4113) 10.^2! thS^SSEIS 5jaMifa2J ^2h 4e]Mg(HI SiOIAI. OH 711 5*^13 3673 cm-' Oil El 3 

7i istfa. oi nasi §4is^a ^i^ej eissoi (H) i 7si2. ^saichi siai&oi ?2ioi= tfs^issEisj =i« (l b 

91 cm) 1 7&12. Qgi!£S^E1 OH 71 tJSIf! 7m 
OH 71 iJ-SS (ppm) = 95 xH/L 

01 4g= p-OH E12 SEI^DI. SEIS2J OH 71 *^lfl ^ Ofl CHI g^5j£S AFgEI2 SICKOiam. J. P. Wiiliamset al.. Ceram. Bu 
II.. 55(5). 524(1976)). 

EFS 157 nm §47114) fiSSETfll Ahg5l01 ^11 10 mm £J AIS21 ^D|| 2 mm 2| AIS5J E>§ 157 nm MA|2| ^2111 =^S12, 

Oil ?2flS¥E1 E1S 157 nm §471141 iTlSISQ. i&S 157 nm §471142] SfOI SfS 201 Oil 3 MAI 

21 2gA>2Jlf 2AM£ia*<HIAJ2| B»?2» =§1211 E 1 Oil UEMQ. 

Oil 1 ~ 11 2| g7H2H I 1 OK SEIS101 UEItfQ. Ofl 5 S! Ml 6 ^ OH 71 tfSifOI gf£°S. Elg 157 nm §4711471 a OflOID. 
E. Ofl 4 £ 4±£ATl^°ifO| 5js m mm?\ #5Af OflUn&FOI ItKH ^§12. A>2llf 5AHHI S|t| E1§ 157 nm §4 



[1 1] 



Oil 








SiOH g^EIH 




(ppm) 


(xlO 1 ' 7H/arf) 


















1 


4.8 


17.4 


0.223 


0.196 


3642 


2 


19 


10.3 


0.565 


0.293 


3541 


3 


31 


2.1 


0.787 


0.574 


3643 


4 


33 


0.8 


0.821 


0.831 


3673 


5 


54 


32.5 


1.146 


0.976 


3642 



6 


63 


0.5 


1.272 


1.742 


3643 


7 


5.2 


17.4 


0.230 


0,171 


3640 


8 


12 


10.3 


0.4© 


0.292 


3641 


Q 


39 
DC 


n r 
u.o 


n pi i 


fl RQ7 


3D4U 


10 


5.2 


17.4 


0.240 


0.203 


3648 


11 


5.2 


17.4 


0.240 


0.186 


3640 



(01 12 ~ 16) 

OH 7ltf°lF0l 1.5ppm °! £Jg*!2SE|0fl CHSKfl 25 mm<|>x2 m 25 nro4>x10 mm 25 mtD$x20 mm ?D0. 25 m»|>x30 mm ^1°J =£1 
71 4 §eo| Ah0|Z2J A|S1 5 7H*i SHIoHl. ^ A|£0fl CHSKK CHOWS 25 mm* S| 2 31 1*«13E 10 £ 0ISK £S£E 5 

a om°i s^es 3S(»E)soimsck on Aiei o\tm umz =ais £3 «s*raa. 

1) Si!- : 2K+ite±4= : 1 = 1 : 1 : 8 BI12J sgft ioo *c) SOU 10 §73 

2) OlSaS^S 5 B2!- S4 Si 

3) SEUOI- : 2K+itt±4= : S = 1 : 1 : 8 HlflSI St. w 4 <*>!£ 25 '0 SOU 10 M2> gjq 

4) OISS^S 5 S4 fl £ 

5) oisias^ ffls 40 x) s io as zgm jus 

6) =^§7132 

0101 Al. a 2 Oil UEHS £325 flsWhi HAite q AID! fl SB" (£E 10 mW/af) 1 AlSOfl 2AhSH2. DSt!" 5AMI22 

S AflSl «AI*raCk 33 AH§^ US AlSt 2SA>£I ttHSETI (M&717I 3915. UV201M) 0)1 ASMoHl. l^gSPISKHIAI D9 1 
57 m ^2Hf *S*iaCk «3ftK)l SCUS 2 mm (=*,). 10 mm (at,). 20 mm (=t,). 30 mm (=t 4 ) AIS2J 157 nm ?2H (T,. T e . T 
4 . T 4 ) 1 4! (5) OH CHSSKQ. SI±tt£g<HI 2|o1 D}§ 157 run SWt (R) 3 I&§ 157™ §4=7114= (a) 1 ^SISQ. 

T, = (1-R) 1 exp (-at,) / (1-R* exp (-2at,)) 

(i = 1. 2. 3, 4)«ooooo(5) 

T, : &A|££1 2&ot£ mS 157 nm ?3H 

R :I&5l57nme.HA« 

a: u¥§ 157 nm g 4 711 4= [1/cm] 

\ : AJg^M [cm] 

%m 157 nm 9Wf (R) 1 AHoKfl 3 (1) £*E1 ?2fi (T.) ft =?t[H. fflg 157 nm 0||A|2| ill (n) (= 1.661) £¥E| 3 (2) 
1 AHohOI 7fl£.H£l= 0|s?2H (T„) (= 0.884) 3f2J n (AT) (= T B - T.) i W2S*I S92| ggEl B7»raCk I2fi I 2 
Oil UEFtfQ. 



[£ 2] 





Oil 12 


Oil 13 


Oil 14 


01 15 


01 16 


2AIAJ3 


iAiae 




io tfzr 


30 S3 


60 S3 


T, 


80.0 


83.8 


86.0 


86.2 


86.4 


T, 


73.7 


77.3 


79.3 


79.5 


79.7 


T. 


66.6 


69.9 


71.8 


71.9 


720 


T 4 


60.2 


63.2 


65.0 


65.0 


65.1 


a 


0.1 


0.1 


0.1 


0.1 


0.1 


R 


0.101 


0.079 


0.065 


0.064 


0.063 


h 


0.817 


0.855 


0.878 


0.880 


0.881 




0.067 


0.029 


0.006 


0.004 


0.003 



OflftfllSaftft 

s iTSOU 2JSIS. EIS- 165 nm 0|S|2J ^SHOI 7Hd£! SWHS »S*l3Saft Hfilg E& 3SSW MZU 4= 21D. 

(57) S^?B| «?| 
•TO 1. 

OH 71 tfSlFOI 50 ppm OISK! tJg^SSBIOfl TOS 180 nm 0|5|2| 3gA12|^l 5AFSKH EF§" 165 nm 0|5|2| I]^S^£| ?2Ht 7H^ 



SI 1 %W 20) Ai. 

£*£i!SSei2| $±g?JtM?B0l 1 xiO'- 7H/<rf 0122! 21 3923 *fe g^^»§^4|S8E|2| 
3. 

M \*J£=M 2%m SiCHAI. 

IDS 180 nm Olora SS^il^OI 3Afc SJiAIOI g~ (SIDS 172 nm) S2! 21 H32£SKr S*N?»|§ t^2SE|2J Jf||£S@. 
g^*f 4. 

SI 1tJE=SI2t,MHI2K)|A|. 

IDS 180 nm Olora 3§7KIS£. g±EflO|73 (?IDS 157 nm) ^2! 21 IS£gSfr I^¥Slg &S32SEI21 731 5g>^. 
SI 1 «■ LH73 SI 4 V S Oih «OT 2iO|A|. 

SSIS liM £i3££ Sfir ^S^SSaa A^S^ 21 1§£3 ol= #3483321 Sli^g. 

IDS 157 nm HAISI gm^Jl 0.70 tar' 0|Sh2! 21 ^S££ tt= H*>^XB1 &3*!SSa. 

s^tr 7. 

SI 6tHHI 2KHAI, 

SiOH d^SSOil 5j2l§4ID31 CH^f 3640 em"' OH ^ 21 1S£2 SK= Sftttttlt 
iS^S 8. 

SI6tfi=SI7tN>ll2!01A|. 

Om°i 4 (1) S 4 (2) MAI §5»XI= T, 21- T B 2| Wi 0.03 OmOIZ. OPIAI R g IDS 157 nm O0AI°J #S*!SSS|21 
l.iic IDS 157 nm MAI°I IJt^SIf tra*0832| 1112! 21 1S££ Sfe BWHS tf3*!§S3. 

T, =(1-R)V(1 + R)*oo«o(l) 
T„ = (1-fi)V(1*n)*« ee »(2) 
9. 

OH 71 ttSEFOI 50ppm OI§h°! 1*^SI1 AJS&B2SAI. §*^SISAI AhgSPI 2011. iDS 180nn> 0|S^ SS7J2IS 

1 £A}8f= SSI 2= 21 SH= Ss^SIt &S3SS32I AfS&B. 

g^tf 10. 

SI 9tM aoiAi. 

IDS 180 no 0ISh°! 2§ft£IS2J £AI°2| S^Sig ttS4SS30ilA|£| 0\t[2\ A 1 (1) &' A (2) MAI goBA)= T, » T„ °| *W 0.03 
□mroiD). 0|7| Al R S IDS 157 nm 0|A|S| tha4SS32| n£IDS157na MA|2| St^SIt #g4!SS32| ill 

121 21 i9£SS£ S^SIg &£*!2S32| AH&g, 

T, =(1-R)V<1 + R)*<">oo(1) 
T„ =(1-n)«A1*n)*««»»(2) 



£3 1 
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